




LANDMARK 
Geo-Engineers and Ge ologists 

May 26,2010 

Mr. Steve Johnson 

CSOLAR Development, LLC 

1144 N. 115th Street, Suite 400 

Omaha, NE 68154 

Dear Mr. Johnson: 

Geotechnical Investigation 

Proposed Imperial Solar Energy Center West 

Dunaway Road and 1-8 Freeway 

Imperial County, California 

LeI Report No. LEI0093 

780 N. 4th Street 

EI Centro, CA 92243 

(760) 370- 3000 

(760) 337- 8900 fax 

77-948 Wildcat Drive 

Palm Desert, CA 92211 

(760) 360-06 6 5  

(760) 360-0521 fax 

This geotechnical report is provided for permitting, design and construction of the proposed 

CSOLAR Imperial Solar Energy Center West project located east of Dunaway Road on both sides of 

the I-8 Freeway approximately 12 miles west of EI Centro, California. Our geotechnical 

investigation was conducted in response to your request for our services. The enclosed report 

describes our soil engineering investigation and presents our professional opinions regarding 

geotechnical conditions at the site to be considered in the design and construction of the project. 

This executive summary presents selected elements of our findings and recommendations only. This 

summary does not present all details needed for the proper application of our findings and 

recommendations. Our findings, recommendations, and application options are related only through 

reading the/ull report, and are best evaluated with the active participation of the engineer of record 

who developed them. The findings of this study are summarized below: 

• Sand soils (SM) predominate the site. Clay soils were encountered in the southeastern 300 

acres of the project site. 

• Foundation designs for buildings located in the southeast portion of the site will be required 

to mitigate expansive soil conditions by one of the following methods: 

1. Remove and replace upper 3.0 feet of clay soils with non-expansive sands. 
2. Design foundations to resist expansive forces in accordance with the 2007 California 

Building Code (CBC) Chapter 18, Section 1805 or the Post-Tensioning Institute, 2004 

method. This requires grade-beam stiffened offlooT slabs (18 feet maximum on center) 

or post tensioned floor slabs. Design soil bearing pressure = 1,500 psf. 
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Section 2 
METHODS OF INVESTIGATION 

2.1 Field Exploration 

Subsurface exploration was performed on April 28 and 29, 2010 using 2R Drilling of Ontario, 

California to advance fifteen (15) borings to depths of 20 to 50 feet below existing ground surface. 

The borings were advanced with a truck-mounted, CME 55 drill rig using 8-inch diameter, hollow

stem, continuous-flight augers. The approximate boring locations were established in the field and 

plotted on the site map by sighting to discernable site features. The boring locations are shown on 

the Site and Exploration Plan (Plate A-2). 

A professional engineer observed the drilling operations and maintained logs of the soil encountered 

with sampling depths. During drilling soils were visually classified according to the Unified Soil 

Classification System and relatively undisturbed and bulk samples of the subsurface materials were 

obtained at selected intervals. The relatively undisturbed soil samples were retrieved using a 2-inch 

outside diameter (OD) split-spoon sampler or a 3-inch OD Modified California Split-Barrel (ring) 

sampler. In addition, Standard Penetration Tests (SPT) was performed in accordance with ASTM 

D1586. The samples were obtained by driving the samplers ahead of the auger tip at selected depths 

using a 140-pound CME automatic hammer with a 30-inch drop. The number of blows required to 

drive the samplers the last 12 inches of an 18-inch drive depth into the soil is recorded on the boring 

logs as "blows per foot". Blow counts (N values) reported on the boring logs represent the field 

blow counts. No corrections have been applied for effects of overburden pressure, automatic 

hammer dri ve energy, drill rod lengths, liners, and sampler diameter. Pocket penetrometer readings 

were also obtained to evaluate the stiffness of cohesive soils retrieved from sampler barrels. 

After logging and sampling the soil, the exploratory borings were backfilled with the excavated 

material. The backfill was loosely placed and was not compacted to the requirements specified for 

engineered fill. 

The subsurface logs are presented on Plates B-1 through B-15 in Appendix B. A key to the log 

symbols is presented on Plate B-16. The stratification lines shown on the subsurface logs represent 

the approximate boundaries between the various strata. However, the transition from one stratum to 

another may be gradual over some range of depth. 
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3.6 Groundwater 

Groundwater encountered in the borings ranged in depth from about 15 to 49 feet during the time of 

exploration. Groundwater levels are shallower along the east side of the site adjacent to the unlined 

(earthen) West Side Main Canal (approximately 8 to 10 feet below ground surface). Groundwater 

levels deepen towards the west away from the canal. There is uncertainty in the accuracy of short

term water level measurements, particularly in fine-grained soil. Groundwater levels may fluctuate 

with precipitation, irrigation of adjacent properties, site landscape watering, drainage, and site 

grading. The referenced groundwater level should not be interpreted to represent an accurate or 

permanent condition. 

3.7 Liquefaction 

Liquefaction occurs when granular soil below the water table is subjected to vibratory motions, such 

as produced by earthquakes. With strong ground shaking, an increase in pore water pressure 

develops as the soil tends to reduce in volume. If the increase in pore water pressure is sufficient to 

reduce the vertical effective stress (suspending the soil particles in water), the soil strength decreases 

and the soil behaves as a liquid (similar to quicksand). Liquefaction can produce excessive 

settlement, ground rupture, lateral spreading, or failure of shallow bearing foundations. 

Four conditions are generally required for liquefaction to occur: 

(1) the soil must be saturated (relatively shallow groundwater); 

(2) the soil must be loosely packed (low to medium relative density); 

(3) the soil must be relatively cohesionless (not clayey); and 

(4) groundshaking of sufficient intensity must occur to function as a trigger mechanism. 

All of these conditions exist to some degree at this site. 

Methods of Analysis: Liquefaction potential at the project site was evaluated using the 1997 

NCEER Liquefaction Workshop methods. The 1997 NCEER methods utilize direct SPT blow 

counts or CPT cone readings from site exploration and earthquake magnitudelPGA estimates from 

the seismic hazard analysis. 
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Since the potentially liquefiable sandy soils are overlain by 30 feet of non-liquefying soil which resist 

groundwater movement, it is unlikely that the light structure loads planned are sufficient to result in 

liquefaction induced settlement greater than the surrounding land mass. 

Liquefaction Induced Ground Failure: Based on research from Ishihara (1985) and Y oud and Garris 

(1995) ground rupture or sand boil formation is unlikely because of the thickness of the overlying 

unliquefiable soil. Sand boils are conical piles of sand derived from the upward flow of groundwater 

caused by excess porewater pressures created during strong ground shaking. Sand boils are not 

inherently damaging by themselves, but are an indication that liquefaction occurred at depth (Jones, 

2003). Liquefaction induced lateral spreading is not expected to occur at this site due to the planar 

topography. 

Mitigation: Liquefaction mitigation measures are not required for structures such as PV module 

piles and distributed inverter stations because the differential settlement of those structures is small 

and not expected to result in loss of integrity or functionality. 
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Section 4 
RECOMMENDATIONS 

4.1 Site Preparation 

LCI Report No. LE10093 

Clearing and Grubbing: All surface improvements, debris or vegetation including grass, trees, and 

weeds on the site at the time of construction should be removed from the construction area. Root 

balls should be completely excavated. Organic strippings should be stockpiled and not used as 

engineered fill. All trash, construction debris, concrete slabs, old pavement, landfill, and buried 

obstructions such as old foundations and utility lines exposed during rough grading should be traced 

to the limits of the foreign material by the grading contractor and removed under the supervision of 

the Geotechnical Engineer. Any excavations resulting from site clearing should be sloped to a bowl 

shape to the lowest depth of disturbance and backfilled under the observation of the geotechnical 

engineer's representative. 

Building Pad Preparation: The soil within the building pad/foundation areas should be removed to 

3 6  inches below the building pad elevation or existing natural surface grade (whichever is lower) 

extending five feet beyond all exterior wall/column lines (including concreted areas adjacent to the 

building). If clay soils exist within the building pad excavation, the clays should not be reused for 

the building support pad. Exposed subgrade at the bottom of removals should be scarified to a depth 

of 8 inches, uniformly moisture conditioned to 5 to 10% above optimum moisture content (clays) or 

±2 % above optimum (sands), and recompacted to 85 to 90% (clays) or a minimum of 90% (sands) of 

the maximum density determined in accordance with ASTM D 1557 methods. 

The native sandy soil is suitable for use as engineered fill provided it is free from concentrations of 

organic matter or other deleterious material. The sandy fill soil should be uniformly moisture 

conditioned by discing and watering to the limits specified above, placed in maximum 8-inch lifts 

(loose), and compacted to the limits specified above. Clay soil should not be incorporated into the 

building support pad. 

Import soil for the building support pad (if used) shall be non-expansive, granular soil meeting the 

uses classifications of SM, SP-SM, or SW -SM with a maximum rock size of3 inches and 5 to 3 5% 

passing the No. 200 sieve. The geotechnical engineer should approve imported fill soil sources 

before hauling material to the site. 
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Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and 

compacted to a minimum of 90% of ASTM D 1557 maximum dry density at optimum moisture ±2 %. 

In areas other than the building pad which are to receive area concrete slabs, the ground surface 

should be presaturated to a minimum depth of 24 inches and then scarified to 8 inches, moisture 

conditioned to a minimum of 5% over optimum, and recompacted to 83-87% of ASTM D 1557 

maximum density just prior to concrete placement. 

On-site soil free of debris, vegetation, and other deleterious matter may be suitable for use as utility 

trench backfill above pipezone, but may be difficult to uniformly maintain at specified moistures and 

compact to the specified densities. Native backfill should only be placed and compacted after 

encapsulating buried pipes with suitable granular bedding materials and pipe envelope material. 

Onsite sandy soil material is acceptable for backfill of utility trenches. 

Backfill soil of utility trenches within paved areas should be placed in layers not more that 6 inches 

in thickness and mechanically compacted to a minimum of 90% of the ASTM D 1557 maximum dry 

density. 

Observation and Density Testing: All site preparation and fill placement should be continuously 

observed and tested by a representative of a qualified geotechnical engineering firm. Full-time 

observation services during the excavation and scarification process is necessary to detect 

undesirable materials or conditions and soft areas that may be encountered in the construction area. 

The geotechnical firm that provides observation and testing during construction shall assume the 

responsibility of "geotechnical engineer of record" and, as such, shall perform additional tests and 

investigation as necessary to satisfy themselves as to the site conditions and the recommendations for 

site development. 
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4.2 Foundations and Settlements 

Shallow spread footings are suitable to support the new office/ maintenance building. Footings shall 

be founded on compacted building support fill soils. The foundations may be designed using an 

allowable soil bearing pressure of 2,000 psf for compacted sands. The allowable soil pressure may 

be increased by 20% for each foot of embedment depth in excess of 18 inches and by one-third for 

short term loads induced by winds or seismic events. The maximum basic allowable soil pressure at 

increased embedment depths shall not exceed 3,500 psf. Foundations should be designed for a 

maximum deflection of Ll480. 

Flat Plate Structural Mats: Flat plate structural mats may be used to mitigate expansive soils at the 

project site. The structural mat shall have a double mat of steel (minimum No. 4's @ 12" O.c. each 

way - top and bottom) and a minimum thickness of 12 inches. Mat edges shall have a minimum 

edge footing of 12 inches width and 18 inches depth (below the building pad surface). Mats may be 

designed by CBC Chapter 18, Section 1805.8.2 methods using an Effective Plasticity Index of 34. 

Structural mats may be designed for a modulus of sub grade reaction (Ks) of 100 pci when placed on 

compacted clay or a subgrade modulus of 300 pci when placed on 3.0 feet of granular fill. Mats shall 

overlay 2 inches of sand and a 10-mil polyethylene vapor retarder. The building support pad shall be 

moisture conditioned and recompacted as specified in Section 4.1 of this report. 

All exterior footings should be embedded a minimum of 18 inches below the building support pad or 

lowest adjacent final grade, whichever is deeper. Embedment depth of interior footings should be a 

minimum of 12 inches deep. Interior footing embedment depths shall be determined by the 

structural engineer/designer and should be sufficient to limit differential movement to 1.0 inch or 

less. Continuous wall footings should have a minimum width of 12 inches. Spread footings should 

have a minimum dimension of 24 inches and should be structurally tied to perimeter footings or 

grade beams. Recommended concrete reinforcement and sizing for all footings should be provided 

by the structural engineer. 
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Resistance to horizontal loads will be developed by passive earth pressure on the sides of footings 

and frictional resistance developed along the bases of footings and concrete slabs. Passive resistance 

to lateral earth pressure may be calculated using an equivalent fluid pressure of 250 pcf clays or 300 

pcf for sands to resist lateral loadings. The top one foot of embedment should not be considered in 

computing passive resistance unless the adjacent area is confined by a slab or pavement. An 

allowable friction coefficient of 0.25 clays or 0.35 for sands may also be used at the base of the 

footings to resist lateral loading. 

Foundation movement under the estimated static (non-seismic) loadings and static site conditions are 

estimated to not exceed 1 inch with differential movement of about two-thirds of total movement for 

the loading assumptions stated above when the subgrade preparation guidelines given above are 

followed. Seismically induced liquefaction settlement of the surrounding land mass and structure 

may be on the order of 1.0 inches. 

4.3 Drilled Piers 

Individual short piers should be adequate to support the solar panels. Embedment depth for short 

piers to resist lateral loads where no-constraint is provided at ground surface may be designed using 

the following formula per 2007 CBC Section 1805.7.2. 1: 

where: 

d = A12 [ 1  + ( l+4.36h1A)Y>] 

A = 2.34P/Slb 
b = Pier diameter in feet 
d = Embedment depth in feet (but not over 12 feet for purpose of computing lateral pressure) 
h = Distance in feet from ground surface to point of application of "P" 
P = Applied lateral force in pounds 
Sl = Allowable lateral soil bearing pressure (basic value of 150 psf/f (see 2007 CBC Table 
1804.2). Isolated piers such solar panel short piers that are not adversely affected by a 0.5 
inch motion at the ground surface due to short-term lateral loads are permitted to be designed 
using lateral soil bearing pressures equal to two times the provided value. 

The short pier foundations may be designed using an allowable soil bearing pressure of 1,500 psf for 

the native soils. 
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4.4 Driven Steel Piles 

The use of driven steel piles requires special provisions for corrosion protection due to the corrosive 

nature of the subsurface soils. Precast, prestressed concrete piles are often used in the corrosive soil 

environments of the Imperial Valley. Selection of pile type may be based on drivability and cost 

comparIsons. 

The specified tip elevation (5 and 10 feet) and design load for a 6-inch driven steel circular pipe pile are 

given in Table 4. 

TABLE 4 

Allowable Capacities of Pile Foundations 

Pile Type: Driven Circular Steel Pile (Diameter = 6") 

Specified Tip Depth (ft): 

Pile Diameter: 

Allowable Axial Capacity (tons) - FS=2.5: 

Allowable Uplift Capacity (tons) - FS=2.5: 

Allowable Lateral Capacity (tons) for inch deflection: 

Free Head Condition (kips): 

Fixed Head Condition (kips): 

Maximum Moments from Lateral Load, 

Free Head Condition (ft-kips): 

Fixed Head Condition (ft-kips): 

Depth of Maximum Moment, 

Free Head (ft): 

Fixed Head (ft): 

5 feet 10 feet 

6" 

5.8 

5.9 

7. 1 

14.8 

7.9 

-28.3 

2. 1 

o 

6" 

10.5 

1 1.9 

8.8 

17.6 

12. 1 

-3 1.0 

2.6 

o 

Recommendations for other pile types and sizes can be made available upon request. 
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Lateral Capacity: The allowable lateral capacity is based on a deflection of one-quarter inch at the 

top of the pile. If greater deflection can be tolerated, lateral load capacity can be increased directly in 

proportion to a maximum of one inch deflection. 

Settlement: Total settlements of less than tA inch, and differential movement of about two-thirds of 

total movement for single piles designed according to the preceding recommendations. If pile 

spacing is at least 2.5 pile diameters center-to-center, no reduction in axial load capacity is 

considered necessary for a group effect. 

4.5 Slabs-On-Grade 

Concrete slabs and flatwork placed on the building support pad over native clay soil should be a 

minimum of 5 inches thick due to expansive soil conditions (minimum 6-inch thick where the slab is 

subjected to wheel loads). Concrete floor slabs shall be monolithically placed with the footings (no 

cold joints). The concrete slabs should be underlain by a lO-mil polyethylene vapor retarder that 

works as a capillary break to reduce moisture migration into the slab section. The vapor retarder 

should be properly lapped and continuously sealed and extend a minimum of 12 inches into the 

footing excavations. The vapor retarder should be overlain by 2 inches of clean sand (Sand 

Equivalent SE>30). Concrete slabs may be placed without a sand cover directly over a 15-mil vapor 

retarder (Stego-Wrap or equivalent). 

Concrete slab and flatwork reinforcement should consist of chaired rebar slab reinforcement 

(minimum of No. 3 bars at 18-inch centers, both horizontal directions) placed at slab mid-height to 

resist potential swell forces and cracking. 

Slab thickness and steel reinforcement are minimums only and should be verified by the structural 

engineer/designer knowing the actual project loadings. All steel components of the foundation 

system should be protected from corrosion by maintaining a 3-inch minimum concrete cover of 

densely consolidated concrete at footings (by use of a vibrator). The construction joint between the 

foundation and any mowstrips/sidewalks placed adjacent to foundations should be sealed with a 

polyurethane based non-hardening sealant to prevent moisture migration between the joint. 
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Epoxy coated embedded steel components or permanent waterproofing membranes placed at the 

exterior footing sidewall may also be used to mitigate the corrosion potential of concrete placed in 

contact with native soil. 

Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of 2 

to 3 times the slab thickness (in inches) as recommended by American Concrete Institute (ACI) 

guidelines. All joints should form approximately square patterns to reduce randomly oriented 

contraction cracks. Contraction joints in the slabs should be tooled at the time of the pour or sawcut 

(lA of slab depth) within 6 to 8 hours of concrete placement. Construction (cold) joints in 

foundations and area flatwork should either be thickened butt-joints with dowels or a thickened 

keyed-joint designed to resist vertical deflection at the joint. All joints in flatwork should be sealed 

to prevent moisture, vermin, or foreign material intrusion. Precautions should be taken to prevent 

curling of slabs in this arid desert region (refer to ACI guidelines). 

All independent flatwork (sidewalks, patios) should be placed on a minimum of 2 inches of concrete 

sand or aggregate base, dowelled to the perimeter foundations where adjacent to the building and 

sloped 2% or more away from the building. A minimum of 24 inches of moisture conditioned (5% 

minimum above optimum) and 8 inches of compacted subgrade (83 to 87%) should underlie all 

independent flatwork. Flatwork which contains steel reinforcing (except wire mesh) should be 

underlain by a 10-mil (minimum) polyethylene separation sheet and at least a 2-inch sand cover. All 

flatwork should be jointed in square patterns and at irregularities in shape at a maximum spacing of 

10 feet or the least width of the sidewalk. 

4.6 Concrete Mixes and Corrosivity 

Selected chemical analyses for corrosivity were conducted on bulk samples of the near surface soil 

from the project site (Plates C-5 and C-6). The native sand soils were found to have low levels of 

sulfate ion concentration, but clay soils have severe levels. Sulfate ions in high concentrations can 

attack the cementitious material in concrete, causing weakening of the cement matrix and eventual 

deterioration by raveling. 
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The California Building Code recommends that increased quantities of Type IT Portland Cement be 

used at a low water/cement ratio when concrete is subjected to moderate sulfate concentrations. 

Type V Portland Cement is recommended when the concrete is subjected to soil with severe sulfate 

concentration. 

A minimum of 6.0 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a 

maximum water/cement ratio of 0.45 (by weight) should be used for concrete placed in contact with 

native clay soil on this project (sitework including sidewalks, driveways, patios, and foundations). 

Admixtures may be required to allow placement of this low water/cement ratio concrete. Concrete 

placed on native sands/silts do not have special concrete provisions. 

The native sandy soil has low levels of chloride ion concentration, but clay soils have severe levels. 

Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic 

conduits. Resistivity determinations on the soil indicate very severe potential for metal loss because 

of electrochemical corrosion processes. Mitigation of the corrosion of steel can be achieved by using 

steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings, cathodic protection 

or by encapsulating the portion of the pipe lying above groundwater with a minimum of 3 inches of 

densely consolidated concrete. No metallic water pipes or conduits should be placed below 

foundations. 

Foundation designs shall provide a minimum concrete cover of three (3) inches around steel 

reinforcing or embedded components (anchor bolts, etc.) exposed to native soil or landscape water 

(to 18 inches above grade). If the 3-inch concrete edge distance cannot be achieved, all embedded 

steel components (anchor bolts, etc.) shall be epoxy dipped for corrosion protection or a corrosion 

inhibitor and a permanent waterproofing membrane shall be placed along the exterior face of the 

exterior footings. Hold-down straps should not be used at foundation edges due to corrosion of 

metal at its protrusion from the slab edge. Additionally, the concrete should be thoroughly vibrated 

at footings during placement to decrease the permeability of the concrete. 

All copper piping within 18 inches of ground surface shall be wrapped with two layers of 10 mil 

plumbers tape or sleeved with PVC piping to prevent contact with soil. The trap primer pipe shall be 

completely encapsulated in a PVC sleeve and Type K copper should be utilized if polyethylene 

tubing cannot be used. 
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Fire protection piping (risers) should be placed outside of the building foundation. 

4.7 Seismic Design 

This site is located in the seismically active southern California area and the site structures are 

subject to strong ground shaking due to potential fault movements along the Laguna Salada, 

Superstition Hills, and Imperial Faults. Engineered design and earthquake-resistant construction are 

the common solutions to increase safety and development of seismic areas. Designs should comply 

with the latest edition of the CBC for Site Class D using the seismic coefficients given in Section 3.4 

of this report. 

4.8 Pavements 

Pavements should be designed according to CALTRANS or other acceptable methods. Traffic 

indices were not provided by the project engineer or owner; therefore, we have provided structural 

sections for several traffic indices for comparative evaluation. The public agency or design engineer 

should decide the appropriate traffic index for the site. Maintenance of proper drainage is necessary 

to prolong the service life of the pavements. The site is dominated by surficial sands in the 

northwestern portion of the site and clay soils in the southeastern portion of the site. Pavement 

structural sections have been provided for each soil type. 

Based on the current State of California CALTRANS method, an estimated R-value of 40 for the 

sandy soils and 5 for the clay soils and assumed traffic indices, the following tables provides our 

estimates for asphaltic concrete (AC) and Portland Cement Concrete (PCC) pavement sections. 

All weather access roads should consist of a minimum of 6 inches of Caltrans Class 2 aggregate base 

placed over 12 inches of moisture conditioned (minimum 4% above optimum if clays) native clay 

soil compacted to a minimum of 90% (95% if sand subgrade) of the maximum dry density 

determined by ASTM D 1557. 
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